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Abstract

Introduction

Lung cancer with small tumor size is now frequently being detected because of the
prevalent use of computed tomography (CT) as a screening tool for pulmonary lesions.
Sublobar resections (wedge resection/ segmentectomy) for small non-small cell lung
cancer (NSCLC) have been reported to be non-inferior to lobectomy with regard to the
surgical outcomes. However, a small group of cTLINOMO NSCLCs tend to have a worse
prognosis than expected, and nodal upstaging after surgery is the main reason.
Prediction of pathologic nodal upstaging is important. In our study, we aimed to
reappraise the predictive factors of lymph node metastases in cT1aNOMO (AJCC 7th
edition for lung cancer) NSCLC.
Methods

Cases of cT1aNOMO NSCLC after surgical resections in the National Taiwan
University Hospital from 2011 to 2015 were retrospectively reviewed. The predictive
factors of interest were tumor size, tumor ground glass opacity (GGO) percentage on
chest CT, and preoperative serum carcinoembryonic antigen (CEA) level. Logistic
regression model was used to find predictive factors for nodal upstaging.
Results

A total of 770 patients were included in the study. Of these, 14 (1.8%) were found to
have pN+ (nodal upstaging) after pulmonary resection. Larger tumor size, less tumor
GGO percentage on chest CT, and higher preoperative serum CEA levels were
significant predictors for nodal upstaging. On a pathological viewpoint, decreased
lepidic component of the tumor, presence of visceral pleural invasion, and presence of
lymphovascular invasion were also significantly correlated with nodal upstaging. With

preoperative variables grouped into categorical data, tumor size > 1.5 cm, CEA >3
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ng/mL, and GGO < 25% had strong predictive values for lymph node metastases.
Conclusion

For NSCLC patients with clinical stage T1aNOMO, tumor size, preoperative serum
CEA levels, and GGO percentage on CT scan were significant predictive factors for
lymph node metastases after surgery. For patients with tumor size less than 1.5 cm,
serum CEA levels less than 3 ng/mL, and GGO predominant tumors, avoiding lymph
node dissection can be a reasonable approach. Sublobar resection, instead of standard

lobectomy, may be a good alternative for this group of patients.

Key words: Non-small cell lung cancer, nodal upstaging, ground-glass opacity, sublobar

resection, predictive factors.
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T E® ffif (Summary)
Introduction

Non-small cell lung cancer (NSCLC) with small tumor size is now frequently being
detected because of the prevalent use of computed tomography (CT) as a screening tool
for pulmonary lesions. Sublobar resections have been reported to yield similar survival
as with lobectomy for patients with small peripheral NSCLC. In determining the
indications for sublobar resection, prediction of the pathologic nodal status is important.

Tumor size is consistently a strong predictor for lymph node metastases. The
prevalence of mediastinal metastases increases with tumor size. Asamura and colleagues
have found that among patients with resected peripheral non-small cell lung cancer, the
prevalence of lymph node metastases increased from 19.5% in tumors 2 cm or smaller
to 32.5% in tumors 2 to 3 cm in diameter (Asamura et al. 1996). However, with tumor
size of 2 cm or less, the predictive power of lymph node metastases needed to be
reappraised.

One of the preoperative predictors for lymph node metastases is radiologic
appearance of tumor on computed tomography (CT). The radiologic appearance of the
tumor, categorized as pure ground-glass opacity (GGO), part-solid GGO, or solid tumor,
has been reported to be the best predictor for the invasiveness and nodal status of
NSCLC (Kodama et al. 2001; Takamochi et al. 2001; Matsuguma et al. 2002; Suzuki et
al. 2002; Ohde et al. 2003; Okada et al. 2003). The consensus is that the more GGO
component in a tumor, the less possibility of lymph node metastases, and the better the
prognosis of the disease. Reviewing the published literature, there is no solid evidence
available to prove that GGO percentage is a good criterion to predict lymph node
metastases in early NSCLC with tumor size of 2 cm or less.

CEA level is associated with tumor aggressiveness and disease prognosis. Koike et al.
17

doi:10.6342/NTU201802633



reported that preoperative serum CEA level was a predictor for mediastinal nodal
metastasis in clinical stage IA NSCLC patients (Koike et al. 2012). Inoue et al. reported
that compared to patients with normal preoperative serum CEA levels and with NSCLC
tumors of 2 cm or less in diameter, the 5-year mortality rate for patients with higher
CEA levels (> 5 ng/mL) was significantly worse (92.1% vs. 77.6%; p<0.01). In addition,
increased CEA level was associated with a much higher rate of lymph node metastasis

in small NSCLC (29.2% vs. 10.3%; p=0.02) (Inoue et al. 2006). In our study,
preoperative CEA level was routinely collected in every lung cancer patient undergoing
surgical resection. We evaluated the impact of preoperative CEA levels on lymph node
metastases in our study.

In our study, we aimed to evaluate the predictive factors of lymph node metastases in
NSCLC of tumor size 2 cm or less. Reviewing the previous literature, only a few studies
focused on such a small size of lung cancer. Tumor size, preoperative CEA level,
radiological characteristics, and pleural invasion were reported to be associated with
lymph node metastases, and those may be used as a surrogate for tumor invasiveness.

However, the evidence at hand is still weak in the category of patients with small
NSCLC. Encountering a growing number of early lung cancer, accurate prediction of
preoperative lymph node status may guide us in our surgical strategy. With better
prediction of lymph node status, mediastinal lymph node dissection could be avoided in
selected patients undergoing lung cancer surgery. Sublobar resection, via wedge
resection or segmentectomy, may also be justified in small NSCLC.

Methods and Materials

Cases of non-small cell lung cancer after surgical resection in the National Taiwan

University Hospital from January 2011 to December 2015 were retrospectively

reviewed. Inclusion criteria were patients with solitary pulmonary tumor of preoperative
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clinical staging T1aNOMO, pathologically-proven lung cancer after surgical resection,
and pathological tumor size 2 cm or less. Exclusion criteria were cases of synchronous
pulmonary malignancy, metastatic carcinoma of the lung, synchronous lung cancer, and
lung cancer after neoadjuvant therapy. Data to be collected for analysis were age, sex,
preoperative CEA level, preoperative pulmonary function results, pathological tumor
size, tumor histology subtypes (lepidic, acinar, papillary, micropapillary or solid) for
adenocarcinoma, pathological lymph node status (N1 and N2 status), visceral pleural
invasion (VPI), lymphovascular invasion (LV1), radiological appearance of tumor, GGO
ratio of tumor, and surgical method (wedge resection, segmentectomy or lobectomy).

The predictive factors of interest in our study were tumor size, preoperative CEA
level, and radiological tumor appearance. The tumor size was recorded from the
pathology reports. The size was evaluated as categorical data and continuous data to see
how the tumor size affects the prediction of lymph node metastases. Preoperative serum
CEA level was reviewed from medical records. If there was more than one CEA level,
the level immediately prior to surgery was recorded. Radiological tumor appearance
was defined as GGO percentage. The ratio of GGO will be evaluated as categorical data
(e.g. < 25%) to correlate with lymph node metastases.

Logistic regression analyses will be performed to identify predictors for lymph node
metastases.
Results

Table 1 showed the demographic data of the two groups. No significant difference
between pNo and pN+ groups were found in relation to age, gender, smoking, and
preoperative pulmonary function. Tumor size, GGO% on CT, surgical method
(including number of resected lymph nodes), and pathologic results seemed to be

associated with a significant difference between the pNo and pN+ groups. Preoperative
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serum CEA level was higher in the pN+ group than in the pNo group, although the p
value failed to reach significance (p=0.072). On logistic regression analysis for the
prediction of lymph node metastases (Table 2), tumor size, preoperative CEA levels,
GGO%, number of resected lymph nodes, non-lepidic subtype, VPI, and LVI were
significant predictors for lymph node metastases. We included those preoperative
factors that showed significance to predict lymph node metastases into multivariate
analysis. Only tumor size, preoperative CEA level, and GGO% on CT remained
significant predictors of lymph node metastases. With preoperative variables grouped
into categorical data, tumor size > 1.5 cm, CEA > 3 ng/mL, and GGO < 25% were noted
to have strong predictive values for lymph node metastases (Table 3).
Conclusions

For NSCLC patients with clinical stage T1aNOMO, tumor size, preoperative serum
CEA levels, and GGO percentage on CT were significant predictive factors for lymph
node metastases after surgery. For patients with tumor size less than 1.5 cm, serum CEA
levels less than 3 ng/mL, and GGO predominant tumors, avoiding lymph node
dissection can be justified. Sublobar resection, instead of standard lobectomy, may be a

good alternative for this group of patients.
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Table 1. Demographic data of cT1aNOMO non-small cell lung cancer

Variables pPNo (n = 756) PN+ (n = 14) p
Age 58.38 £ 10.98 56.93+10.22  0.753
Men (% ) 233 (30.8%) 7 (50%) 0.147
Never smoker(%) 668(88.6%) 11(78.6%) 0.246
CEA 1.80 £ 1.87 3.87+4.35 0.072
FVC 110.82+52.61 107.8+21.78 0.375
FEV1 108.19 £ 17.34  100.42 + 15.80 0.045
CT GGO<25% 39.5% 92.6% <0.001
Tumor size 1.10+ 0.45 1.66 + 0.29 <0.001
pStage <0.001

0 24 0

la 687 0

Ib 44 0

lla 0 7

Ila 0 7
Surgery <0.001

Lobectomy 258 14

Segmentectomy 105 0

Wedge 393 0
Resected LN number 8.85+ 7.17 15.07 £ 6.40 <0.001
Histology

Adenocarcinoma 723 13 0.379

AAH 20 0

SCC 9 1

Other” 3 0
Pathology

Non-lepidic subtype* 25.6% 100% <0.001

Visceral pleural invasion (% ) 5.4% 28.6% <0.001

Lymphovascular invasion (% ) 3.7% 14.3% <0.001

pNo= pathologic No disease, pN+= pathologic Ni-2 disease, CEA= carcinoembryonic
antigen, FVC= Forced vital capacity, FEV1= Forced expiratory volume in 1 second,
CT= computed tomogrphay, GGO= ground glass opacity, pStage= pathologic stage,
LN= Lymph nodes, AAH= Atypical adenomatous hyperplasia, SCC= Squamous cell
carcinoma, “Lymphoepithelial-like carcinoma, LELC *Lepidic component < 25%
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Table 2. Predictive factors for nodal metastases in cT1aNOMO non-small cell lung cancer

Variables PN+

Univariate Multivariate

Odd ratio (CI) p Odd ratio (CI) p
Age 0.988 (0.942-1.037) 0.623 - -
FEV1 1.480 (0.640-3.425) 0.360 - -
Men 2.245(0.778-6.472) 0.135 - -
Tumor size 20.179 (4.505-90.393) <0.001 21.225(2.783-161.890) 0.003
CEA level 1.194 (1.035-1.379) 0.015 1.205(1.028-1.411) 0.021
GGO % 0.529 (0.329-0.852) 0.009 0.420 (0.207-0.851) 0.016
Resected LN number 1.087 (1.030-1.144) 0.002 1.054 (0.960-1.157) 0.272
Non-lepidic tumor* 0.122 (0.022-0.669) 0.015 - -
Visceral pleural invasion 7.020 (2.109-23.366) 0.001 - -

Lymphovascular invasion 156.0 (33.317-730.448) <0.001 -

pN-= pathologic N1-2 disease, Cl: Confidence interval, FEV1= Forced expiratory volume in 1 second, CEA=
carcinoembryonic antigen, GGO= ground glass opacity, LN= Lymph nodes, *Lepidic component < 25%
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Table 3. Preoperative variables for prediction of pN+ in cTINOMO NSCLC

Variables PN+

Odd ratio (ClI) p
Tumorsize= 1.5cm 10.961 (3.026-39.709) <0.001
CEAZ= 3ng/mL 4.997 (1.169-21.36) 0.030
GGO < 25% 19.901 (2.589-152.94) 0.004

pN-+= pathologic Ni-2 disease, NSCLC= non-small cell lung cancer, CEA=

carcinoembryonic antigen, GGO= ground glass opacity
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Table.4 The patients with nodal upstaging

Age Sex CEA Size (cm) GGO Pathology N1 N2 Status at last follow-up
(ng/mL)

1 66 F 1.36 2.0 <25% Adeno + - Alive with disease
2 45 M 1.20 1.9 <25% Adeno + - Died of disease

3 62 F 2.00 1.8 >25% Adeno + - Disease free

4 67 M 4.00 15 <25% SCC - + Disease free

5 70 M 5.52 1.8 <25% Adeno - + Disease free

6 61 M 6.24 2.0 <25% Adeno - + Alive with disease
7 48 F 1.28 1.7 <25% Adeno + + Alive with disease
8 42 M 12.10 15 < 25% Adeno + + Disease free

9 58 F 1.80 1.7 <25% Adeno + + Disease free

10 64 M 1.27 1.1 < 25% Adeno + + Alive with disease
11 65 F 1.37 1.3 < 25% Adeno + - Alive with disease
12 49 F 1.05 19 <25% Adeno + - Died of disease
13 39 F 1.34 1.8 < 25% Adeno + - Alive with disease
14 61 M 13.70 1.2 <25% Adeno + + Died of disease

CEA= serum carcinoembryonic antigen, GGO= ground glass opacity, M= male, F= female, Adeno= adenocarcinoma, SCC= squamous

cell carcinoma, + and - = having or not having metastatic carcinoma
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1~ BEHERE

L “fft = lobectomy

ERL K,ért = sublobar resection

Bk 7 “,!rt = wedge resection

fE3|p Mf anatomic resection

# 7 ML I A 4 = = nodal upstaging
Ja 72 #p = pStage

£ L33 4% ¥ 1* = ground-glass opacity (GGO)
F F *f= solid tumor

L L gl ¥ 1 = part-solid GGO
# = & Bri= lymph node dissection

# T % = lymph node sampling
s m o T B 4= pNO

WS AT A = pNt

FTH B4 5 = neoadjuvant therapy

%R 24 % e = visceral pleural invasion (VPI)
# ¥ m ¥ %)== lymphovascular invasion (LVI)

Ly, 39k 2 = atypical adenomatous hyperplasia (AAH)

7k ik *» % = frozen section
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